Abstract Constructed wetlands (CWs) use the same processes that occur in natural wetlands to improve water quality and are used worldwide to treat different qualities of water. This paper shows the results of an Austrian research project having the main goals to optimize vertical flow beds in terms of surface area requirement and nutrient removal, respectively. It could be shown that a subsurface vertical flow constructed wetland (SSVFCW) operated with an organic load of 20 g COD. 
Introduction
Constructed wetlands (CWs) or treatment wetlands are wetlands designed to improve water quality. They use the same processes that occur in natural wetlands but have the flexibility of being constructed. CWs are used worldwide to treat different qualities of water (e.g. Kadlec et al., 2000; Langergraber and Haberl, 2001) .
Using subsurface vertical flow constructed wetlands (SSVFCWs) with intermittent loading it is possible to fulfil the stringent Austrian effluent standards regarding nitrification (Langergraber and Haberl, 2001 ). For small plants (less than 500 persons) the maximum effluent concentration allowed for ammonia nitrogen is 10 mg/L. This has to be met at water temperatures higher than 12 8C. For organic matter effluent concentrations (90 mg COD/L and 25 mg BOD 5 /L) and treatment efficiencies (85 % and 95 % for COD and BOD 5 , respectively) have to be met the whole year around. For small plants there is no standard for total nitrogen and phosphorus (1.AEVkA, 1996) .
The required surface area for SSVFCWs treating wastewater is 5 m 2 per person according to the Austrian design standards (Ö NORM B 2505 (Ö NORM B , 1997 . Within the first part of the research project "Optimization of subsurface vertical flow constructed wetlands (Bepflanzte Bodenfilter)" the main goal was to optimize vertical flow beds in terms of surface area requirement. An additional goal was the optimisation of nutrient removal. The paper shows the results regarding the optimisation of the required specific surface area and nitrogen removal, respectively.
Materials and methods
The experimental CW Ernsthofen
The investigations regarding the optimisation of the required filter surface area have been carried out at the experimental CW Ernsthofen. The experimental site is located at the wastewater treatment plant Ernsthofen (Lower Austria). A 3-chamber septic tank is used for mechanical pre-treatment. 
Results and discussion
Optimisation of the required filter surface area Influent concentrations and organic loads. Table 1 Table 2 shows the BOD 5 and COD effluent concentrations for temperatures higher and lower than 12 8C, Figure 3 shows the Box-and-Whisker plots for the COD effluent concentrations. During operation at temperatures higher than 12 8C no statistically significant difference occurred between the different organic loads. The median values of the BOD 5 and COD removal efficiencies at temperatures higher than 12 8C have been 99% and 96%, respectively. For water temperatures lower than 12 8C the median values of the removal efficiencies for bed 1, 2 and 3 have been 98%, 95% and 91% for BOD 5 and 94%, 91% and 80% for COD, respectively. Figure 4 shows the NH 4 -N influent and effluent concentrations during the investigation period. The effluent standards in Austria have been met for all beds, i.e. the effluent concentrations have been lower than 10 mg/l for effluent water temperatures higher than 12 8C. No statistically significant difference could be observed between the different organic loads for the NH 4 -N and NO 3 -N effluent concentrations ( Table 4 shows the influent concentrations, and the organic load applied and the resulting specific surface area for PSCWs with a main layer consisting of sand with a grain size of 0.06-4 mm and 1-4 mm, respectively. Although the concentrations varied the median values are close to the target loads. Table 5 shows the effluent concentrations and elimination rates for a standard single-stage system (single-stage SSVFCW, main layer with Table 6 for the effluent of the first stage of the two-stage system and Table 7 for the effluent of the second stage, i.e. the total effluent of the two-stage system. Figure 6 compares the effluent concentrations for TOC and the influent and effluent concentrations for TN. Compared to a standard single-stage system the two-stage system showed a significantly higher mean nitrogen removal of about 58% (compared to about 2% for the standard single-stage system). Regarding the effluent concentrations of organic matter and ammonia nitrogen both systems showed similar results. However, due to the higher organic load the eliminated loads of the two-stage system are higher. In the effluent of the first stage the maximum COD concentrations has been 31 mg/l resulting in a maximum organic load of the second stage of , 8 g COD.m
22 .d 21 . This organic load *Number of analysis below the limit of detection (1 mg TSS/l, 0.03 mg NH 4 -N/l, 0.003 mg NO 2 -N/l, and 1 mg Norg/l) Winter and Goetz (2003) for operation of vertical flow beds without clogging.
Summary and conclusions
The results of the experiments regarding the optimisation of the required filter surface area at the experimental CW Ernsthofen can be summarised as follows. † For water temperatures higher than 12 8C the effluent concentrations were far below the maximum allowed values for all three beds. No statistically significant differences between the beds with different organic loadings could be observed. Beds with higher organic loading respond more sensitively to fluctuations of the influent concentrations. † The bed with an organic load of 20 g COD.m *Number of analysis below the limit of detection (1 can fulfil the requirements of the Austrian standard regarding effluent concentrations and elimination efficiencies. Therefore a specific area demand of 4 m 2 per person is suitable to be included in the revision of the Austrian design standard. Additionally it was shown that during the warmer months (May -October) when the temperature of the effluent is higher than 12 8C the specific surface area might be further reduced, even 2 m 2 per person have been proven to be adequate. A two-stage system (first stage: grain size for main layer 1-4 mm, saturated drainage layer; and second stage: grain size for main layer 0.06 -4 mm, free drainage) was operated with an organic load of 80 g COD m . A nitrogen elimination of 58% could be reached for the two-stage system compared to almost no nitrogen elimination for a single-stage system. In conclusion it can be said that a higher effluent quality could be reached with the two-stage system compared to the standard single-stage system even though the two-stage system was operated with double organic load resulting in half of the specific surface area requirement. The results of the in-door experiments have to be verified out-doors mainly to secure safe operation during winter. This verification of the two-stage system is currently under investigation.
